ABSTRACT Introduction: Drowning deaths present a challenge for forensic pathologists, because the autopsy findings may occur in many nondrowning scenarios. Previous studies have attempted to identify patterns in organ weights that may be specific for drowning. The drowning index (DI) has been defined as the weight ratio of the lungs and pleural effusion fluid to the spleen. Studies have suggested DI may be useful in confirming drowning as the cause of death. No studies have yet compared autopsy findings in drownings to those in drug-related deaths, in spite of their qualitative similarities.
INTRODUCTION
Drowning is a relatively common cause of accidental death, accounting for an average of 3868 deaths per year (or approximately 10 deaths per day) in the United States, including drownings associated with boating incidents (1) (2) . In Missouri alone, accidental drownings have accounted for between 21 and 68 deaths annually since 2011; most of these have occurred in publicly owned freshwater lakes and rivers during the summer months (3) .
The investigation of a drowning death involves both careful evaluation of the circumstances surrounding the death (including eyewitness testimony) and thorough autopsy procedure. Circumstantial evidence is considered crucial in such cases, because the autopsy findings classically associated with drowning often lack sensitivity and/or specificity. Findings such as marked amounts of frothy fluid in the airways, increased lung weight, water in the stomach, hemorrhage of mastoid air cells in the middle ear, increased fluid volume in the maxillary and sphenoid sinuses ("Svechnikov's sign"), diatoms in the vasculature, hemolytic staining of the aortic intima (especially in freshwater drownings), and decreased splenic weight have each been associated with drowning but are poorly reproducible and may only prove that the body was submerged in water (in some cases postmortem) (4) (5) (6) (7) (8) .
Previous studies have attempted to identify patterns in organ weights that may be distinctive for drowning. Nishitani et al defined the drowning index (DI) as the weight ratio of the lungs and pleural effusion fluid to the spleen and suggested that it may be useful in differentiating drowning deaths from other asphyxial deaths (9). Sugimura et al found that a DI of greater than 14.1 is highly specific for drowning when compared to mechanical asphyxia and death due to acute cardiac failure (10). Wardak et al repeated Sugimura's study and found that the DI was neither sensitive nor specific for drowning, with 30% of mechanical asphyxia deaths and 40% of acute cardiac deaths (and only 9.4% of drowning deaths) corresponding to a DI greater than 14.1 (11) .
In this study, we evaluate the utility of the DI in distinguishing deaths due to drowning from deaths due to opioid or multidrug intoxication.
METHODS
Final reports for forensic autopsy cases performed by the Boone-Callaway County Medical Examiner's Office in Columbia, Missouri, between January 1, 2011, and December 31, 2016, were reviewed, and deaths due to drowning, opioid intoxication, multidrug intoxication, and hanging were identified. Causes of death were diagnosed by the Medical Examiner's Office using a combination of scene investigation/report of investigation by law enforcement officials, autopsy findings, and toxicology reports. The hanging cohort was used as our control group as deaths due to hanging do not often display the same autopsy findings as drownings and drug intoxications (eg, heavy lungs and frothy fluid in the airways). Multidrug intoxication deaths included a wide range of prescription medications, alcohol, and illegal substances. Some of the most common drugs included alcohol and benzodiazepines. In an attempt to replicate the inclusion criteria used by previous DI studies, cases were excluded if they contained insufficient data for analysis (eg, asplenic patients), if the body showed signs of decomposition, or if the decedent was under the age of 18 years. Cases were not separated for analysis based on gender or age.
The body weight, spleen weight, bilateral pleural effusion volumes, and bilateral lung weights for each case were recorded. The Boone-Callaway County Medical Examiner's Office usually estimates pleural effusion volume for each autopsy in milliliters. For cases in which physiologic pleural fluid volume was recorded, the minimum pleural fluid volume was estimated using 0.16 mL/kg body weight (12) . The pleural effusion volumes were then converted to weight in grams using the assumption that the density of the pleural effusion was equal to that of water (1 g/mL). The ratio of pleural effusion and lung weights to spleen weight, or DI, was calculated for each case (Equation 1) (9) . The DI, combined effusion and lung weight, and spleen weight were compared among the cause of ORIGINAL ARTICLE death groups. The Mann-Whitney U test was used to evaluate for statistical significance using a 95% confidence interval (P < .05).
RESULTS
Forty-five drowning cases, 180 opioid intoxication cases, 261 multidrug intoxication cases, and 50 hanging cases were identified for a total of 536 cases. The sample size and median combined lung and effusion weight, spleen weight, and DI for each cause of death is presented in Table 1 . Opioid overdose resulted in the highest combined lung and effusion weight and spleen weight when compared to multidrug overdose (P = .008), hanging (P < .0001), and drowning (P < .0001). Hanging resulted in the lowest combined lung and effusion weight when compared to opioid overdose (P < .0001), multidrug overdose (P = .006), and drowning (P = .030). The difference in combined lung and effusion weight when comparing multidrug overdose to drowning was not statistically significant (P = .984). Drowning resulted in the lowest spleen weight when compared to opioid overdose (P < .0001) and multidrug overdose (P = .003). The difference in spleen weight between drowning and hanging was not statistically significant (P = .145).
A comparison of the DI among drownings, opioid overdoses, multidrug overdoses, and hangings can be seen in Figure 1 . Drowning cases accounted for the highest DI of the causes of death studied (opioid overdose P < .0001, multidrug overdose P = .001, hanging P = .005). The difference in DI between hangings and multidrug overdoses and hangings and opioid overdoses is not statistically significant (P = 790; P = 436). Additionally, the difference in DI between opioid overdoses and multidrug overdoses is not statistically significant (P = .134). Of the 45 drowning cases, six cases had a DI > 14.1 (13.3%). Eleven of 180 (6.11%) opioid overdoses, nine (3.45%) of 261 multidrug overdoses, and none of the hangings (0%) had a DI > 14.1 ( Table 2) . The lowest DI (1.1) was associated with an opioid overdose and the highest DI (33) was associated with a multidrug overdose.
DISCUSSION
The DI was first defined by Nishitani et al as the weight ratio of the lungs and pleural effusion fluid to the spleen in an attempt to identify a quantitative measurement that could be used to diagnose drowning at autopsy (9) . The utility of the DI appears to rest primarily on the findings of frothy fluid in the airways and increased lung weight, which are typically associated with drowning but are less common in cases of
: Formula for calculation of drowning index. Data are given as median (minimum-maximum).
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Downloaded from www.afpjournal.com by an AFP Journal subscriber This article is for personal use only and may not be shared or distributed in any fashion ORIGINAL ARTICLE death due to acute cardiac failure or mechanical asphyxia. However, these respiratory changes are nonspecific for drowning and are commonly associated with drug-related deaths, such as acute opioid and/ or multidrug intoxication (13) . In fact, qualitative autopsy findings are often remarkably similar among drowning and opioid intoxication deaths. Decedents in both cases have congested lungs, often with copious white or bloody foam in the airways. The mechanism of death in an acute opioid intoxication is thought to be related to drug-mediated suppression of the respiratory drive, which induces profound hypoxia and resultant frothy fluid in the airways much like that seen in drowning victims (14) .
Our study showed that combined lung and pleural effusion weight is highest in cases of acute opioid intoxication with an insignificant difference in combined lung and pleural effusion weight between acute multidrug intoxication and drowning. These findings suggest combined lung and pleural effusion weight is meaningless when distinguishing between drowning, acute opioid intoxication, and acute multidrug intoxication deaths.
The inclusion of spleen weight in the calculation of the DI by Sugimura et al aimed to increase the specificity of the quantitative diagnosis of drowning by utilizing the finding of decreased spleen weight in drowning described by Haffner et al (10, 15) . Our data set do not show a statistically significant difference in spleen weight between drowning and hanging Downloaded from www.afpjournal.com by an AFP Journal subscriber This article is for personal use only and may not be shared or distributed in any fashion ORIGINAL ARTICLE (P = .145). However, there is a significantly decreased spleen weight in cases of drowning when compared to opioid overdose (P < .0001) and multidrug overdose (P = .003). Future research to investigate the possibility of decreased spleen weight in true asphyxial deaths, such as drowning and hanging, is warranted. Our data confirmed that the inclusion of spleen weight confers a higher specificity of the DI when compared to combined effusion and lung weights alone.
Sugimura et al found that a DI of greater than 14.1 is highly specific for drowning when compared to mechanical asphyxia and acute cardiac death, while Wardak et al repeated Sugimura's study and found that the DI was neither sensitive nor specific for drowning (10, 11) .
When using the cutoff value of DI greater than or equal to 14.1, as suggested by Sugimura et al, we demonstrated a sensitivity of 13.3% and specificity of 95% for the DI. This refutes the claim made by Wardak et al that the DI is not specific for drowning. While the specificity of the DI is high, the utility in diagnosing drowning at autopsy is still low because of the low sensitivity. A DI greater than or equal to 14.1 cannot be considered diagnostic of drowning. Several cases of opioid (11) and multidrug (9) overdose resulted in DI > 14.1, and the case with the highest calculated DI of 33 was a multidrug overdose. Additionally, only 13.3% of drownings had a DI greater than 14.1.
Our study is limited by the constraints of a retrospective analysis. Pleural effusion volumes throughout the Boone and Callaway County Medical Examiner's Office are estimated. Additionally, if there is not a large fluid collection present within the pleural space, the pleural fluid volume is recorded as "physiologic." In order to control for this, we chose to use an estimate of the minimum pleural volume. However, this may be inaccurate in some cases. Our study is also limited by the inclusion of only freshwater drownings. Nishitani et al and Sugimura et al conducted their studies in Japan and many of their drownings were saltwater drownings. This may represent a potential confounder in the utility of the DI in our study. An additional confounding factor that may limit the generalization of this study is resuscitation efforts. Although it is not known how many of our decedents received resuscitative care prior to death, it is possible that a minority did. It is also possible that cirrhosis and long-term drug abuse lead to artificially increased organ weights, particularly the spleen. This may lead to artificially low DI values for the drug intoxication deaths but should not affect the DI for the drowning or hanging groups as a whole. We believe that this confounder would be present in real-world application of the DI and thus should not affect the results of this study. This study also only compares a few types of death, and the results would not be generalizable to causes of death not investigated.
CONCLUSION
The DI as defined by Sugimura et al is the ratio of lung and pleural effusion weight to spleen weight. When a cutoff of 14.1 for the DI is used, the DI is highly specific for drowning (95%). However, the sensitivity of the DI for drowning is only 13.3%. Using a cutoff of 14.1 for the DI in the diagnosis of drowning may lead to many missed drowning cases and lead to incorrect diagnosis of drowning in other causes of death. In our opinion, the DI has little, if any, utility in distinguishing between drownings and drug-related deaths, including those associated with acute opioid intoxication.
